Dear Editor,

Embolic stroke of undetermined source (ESUS) refers to nonlacunar cryptogenic infarcts for which embolism is the suspected mechanism.[@B1] Patients with intravascular lymphoma (IVL) frequently develop cerebral occlusive ischemia caused by the intravascular foci of malignant lymphocytes. While other forms of B-cell lymphoma are known to cause stroke-like encephalopathy, ischemia in IVL is unique in that it may closely mimic typical embolic strokes.[@B2][@B3] However, the diagnosis is often missed since previous investigations of ESUS have focused on cardiovascular sources and cancer-related hypercoagulability.[@B4][@B5] We report two cases of IVL that developed recurrent ESUS as the initial and main manifestations.

Patient 1 presented with multistage bilateral cerebral infarctions at the age of 60 years. Three weeks after discharge while on aspirin and clopidogrel, dysarthria aggravated and new multifocal infarctions occurred ([Fig. 1A, B](#F1){ref-type="fig"}). She subsequently developed a high fever without an infection focus, and her serum lactate dehydrogenase (LDH) was elevated to 517 IU/L.

Patient 2 was aged 52 years and developed acute right-hand weakness and visual disturbance over a 5-month period. Conventional brain magnetic resonance imaging (MRI) revealed focal hyperintense T2-weighted lesions in the left splenium and right occipital lobe. Over the next 2 months, acute occlusive infarction of the right middle cerebral artery (MCA) ([Fig. 1C](#F1){ref-type="fig"}), right posterior cerebral artery, and left MCA territories occurred in a sequential manner ([Fig. 1D, E](#F1){ref-type="fig"}) despite receiving combined treatment with aspirin and warfarin. Abdominal computed tomography (CT) showed wedge-shaped infarctions in the spleen and kidneys ([Fig. 1F](#F1){ref-type="fig"}). Sonography revealed deep-vein thrombosis in the bilateral tibial veins. Her serum LDH level was 393 IU/L.

Conventional MRI was performed upon each presentation of stroke using both diffusion-weighted imaging and angiography. No intra- or extracranial stenosis was found. Routine laboratory tests, a rheumatological panel, and an extensive cardiac investigation revealed no embolism sources. Contrast-enhanced CT of the chest, abdomen, and pelvis showed no evidence of cancer.

The high fever in patient 1 provoked suspicion of B symptoms, while the recurrent embolic strokes with extraneural involvement in patient 2 raised suspicion of IVL. Cerebrospinal fluid (CSF) polymerase chain reaction analysis was performed to search for a monoclonal lymphoid population. T-cell receptor (TCR)-γ rearrangement analysis in patient 1 and immunoglobulin heavy chain (IgH) rearrangement analysis in patient 2 demonstrated monoclonality, suggesting that lymphoid malignancy was present in the central nervous system (CNS).

A brain biopsy confirmed IVL in patient 1 ([Supplementary Fig. 1](#S1){ref-type="supplementary-material"} in the online-only Data Supplement), with atypical large lymphocytes sequestered to the intravascular spaces. Immunohistochemical analysis revealed positive expression of CD20, Bcl-2, Bcl-6, Ki-67, and MUM-1. Chemotherapy was started, but multiorgan failure led to death 6 months later.

The caregivers of patient 2 refused a biopsy. She underwent cycles of rituximab-combined chemotherapy. MRI performed 5 months later revealed leptomeningeal enhancement with enhanced nodules around the fourth ventricle, which was consistent with meningeal involvement of IVL ([Fig. 1G](#F1){ref-type="fig"}). Her neurological status remained unchanged at the last follow-up.

IVL is a rare form of systemic B-cell lymphoma, with an incidence of less than 1 per million in the general population.[@B6] The disease is characterized by selective tropism of malignant lymphocytes within the lumina of small vessels. IVL can involve any organ, but the most commonly affected sites are the skin and CNS, followed by the spleen, lung, and bone marrow.[@B7] However, diagnosing IVL is challenging when patients present with neurological complications. The literature indicates that 60% of CNS IVL cases are diagnosed postmortem.[@B2] There is no pathognomonic radiological feature that differentiates CNS IVL from typical embolic strokes, which hinders prompt detection. Although rare in the general population, the lethal course of IVL means that it should not be overlooked when evaluating ESUS.

A tissue biopsy is required to confirm IVL.[@B8] This complicates the process of diagnosing CNS IVL, since a brain biopsy sample might not be available, or its results might be inconclusive. We utilized CSF IgH/TCR-γ rearrangement analysis to support the diagnosis in our ESUS patients. Molecular analysis is known to be helpful in IVL, although its diagnostic power remains to be further evaluated.[@B9]

The present two cases highlight the importance of aggressively investigating IVL in ESUS. Various systemic manifestations of the disease should be carefully searched for, including organ ischemia, hepatosplenomegaly, and B symptoms. CSF monoclonality analysis should be considered for suspected cases, since the presence of monoclonal lymphoid proliferation in CSF may support the diagnosis.
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The online-only Data Supplement is available with this article at <https://doi.org/10.3988/jcn.2019.15.3.415>.

###### Supplementary Fig. 1

Representative histopathological brain biopsy findings of patient 1. Large atypical lymphocytes were noted in the intravascular lumen (A, hematoxylin and eosin stain, ×200; scale bar=50 µm; arrowhead). The cells were negative for CD3 (B, Immunohistochemistry, ×200; scale bar=50 µm), but showed strong membrane positivity for CD20 (C, Immunohistochemistry, ×200; scale bar=50 µm; arrowheads). The Ki-67 labeling index exceeded 90% (D, Immunohistochemistry, ×200; scale bar=50 µm; arrowheads).

![Brain MRI and systemic radiological features of patients 1 and 2. A--E: Serial brain diffusion-weighted MRI sequences of patient 1 (A, B) and patient 2 (C--E) performed after each episode of acute neurological deterioration. The images revealed multifocal diffusion-restricted lesions with low apparent diffusion coefficient values suggesting acute infarctions (red arrowheads) in the bilateral cerebral hemispheres. In patient 2, CT of the abdomen (F) revealed renal and splenic infarctions (arrows). T1-enhanced MRI of the brain (G) revealed prominent leptomeningeal enhancement in bilateral parieto-occipital regions and nodular enhanced lesions around the fourth ventricle (arrows).](jcn-15-415-g001){#F1}
